This paper presents the energy and exergy analyses of some different organic fluids which can be used in an organic Rankine cycle adapted to a municipal solid waste power plant in the frame of energy recovery. The novelty of the study is to adapt a well-known organic Rankine cycle system theoretically to the existing municipal solid waste power plant where the exhaust gas with a temperature of almost 560
Introduction
Organic Rankine cycle (ORC) is a low grade thermal energy recovery technology due to its small scale feature from geothermal energy, solar energy, biomass energy to especially waste heat energy. Municipal solid waste (MSW) can be returned into an opportunity for a sustainable production of energy which is known as "wasteto-energy" (WTE). The details in MSW technology can be found in [1] .
There are many studies in ORC research field to evaluate effective parameters on its performance. Energy and exergy analyses of a waste heat driven ORC were performed by Kaşka [2] considering the performance of the cycle and pinpoint sites by means of actual data. In most studies, energetic and exergetic efficiencies of typical ORC systems with a variety of organic fluids were examined [3] [4] [5] [6] . In this research field, another important parameter which affects the performance of a system is estimated as the outlet temperature of heat source. Many ORC systems based on the heat source temperature domain for the thermal efficiency, the exergy destruction rate and the mass flow rate were investigated by Li [7] . A thermo-economic methodology was performed by Desai and Bandyopadhyay [8] in order to compare organic and * corresponding author; e-mail: ozahi@gantep.edu.tr steam Rankine cycles. Some researchers focused on the selection of proper and more effective working fluids [9] [10] [11] [12] . There are also many studies on thermodynamic analyses of similar energy conversion systems [13] [14] [15] [16] [17] .
In this paper, an ORC system which is theoretically adapted to the existing MSW power plant is analyzed thermodynamically. Energetic and exergetic efficiencies of the ORC system are evaluated in the frame of energy recovery with five different organic fluids using ASPEN and EES programs at an evaluated pinch-point temperature difference, ∆T pp = 7
• C.
System description and thermodynamic analyses
An ORC system is analyzed in this study as an alternative energy recovery system adapted to a MSW power plant (GMSWPP) which has 5.66 MW installed power in Gaziantep considering the potential energy production from the exhaust gas by using five different organic working fluids. In GMSWPP, the landfill gas (LFG) is created during the anaerobic decomposition of organic substances in MSW, industrial, and medical wastes. Unfortunately, the exhaust gas with a high temperature of approximately 560
• C is sent to the atmosphere, which results in both energy loss and air pollution. According to the related legislation, the exhaust gas can be sent to the atmosphere with a temperature up to 60
• C. For this reason, an ORC system which is given in Fig. 1 is (807) modelled and adapted theoretically to the existing GM-SWPP using ASPEN software program. The organic fluids are selected as R141b, isobutane, R245fa, n-pentane and n-hexane (Table I ). The energetic and the exergetic efficiencies through the adapted system are evaluated using the following equations:
where η th and ε are the energetic and exergetic efficiencies of the ORC system, respectively,Ẇ net is the net power output,Q H is the heat transfer rate to the evaporator, Eẋ in and Eẋ out are the exergy rate of all inputs and outputs through the system, respectively. .67 n/a n/a n/a ALT -atmospheric lifetime, ODP -ozone depletion potential, relative to R11, GWP -global warming potential, relative to CO2
In this study, the aim is to investigate both the performance of the organic fluids in the ORC systems at constant heat available and also the influences of the mass flow rate of the organic fluids for each one. The operating conditions of the ORC system are tabulated in Table II . The thermodynamic analyses performed for each subcomponent of the ORC system are tabulated in Table III . heat exchangerṁ
Results and discussion
In this paper, the effect of the outlet temperature of the heat source on the net power output, the energetic, and the exergetic efficiencies is investigated at the evaluated pinch-point temperature difference of ∆T pp = 7
• C and the related results are compared. The main results of the systematic analyses of the ORC system with the corresponding organic working fluids are tabulated in Table IV. Figure 2 shows the effect of the outlet temperature of the heat source, T hs on the net power output and the heat available for using n-hexane as an organic fluid at ∆T pp = 7
Net power output and heat available
• C. It is obviously seen that high amount of heat available does not support high amount of net power output. The net power output is firstly increased and then begins to decrease while the heat available decreases. This behavior of the net power output versus the outlet temperature of the heat source is observed for other organic fluids. The maximum net power output is obtained at T hs = 63.26 outlet temperature of the heat source and the net power output are observed for all organic fluids. It can be seen from Fig. 3 that the net power output is increased with T hs until T hs = 63.26
• C and after this temperature, it begins to decrease dramatically for all organic fluids. It can be deduced that the maximum net power output is obtained when n-hexane is used as an organic fluid. On the other hand, the net power output is seen to have lowest value for isobutane as an organic fluid up to T hs = 63.26
• C while the lowest value of the net power output is observed for R245fa after T hs = 63.26
• C. 
Energetic efficiency
The effect of the outlet temperature of the heat source on the thermal efficiency, η th of the ORC is also investigated and the relationship is given for all organic fluids in Fig. 4 . For all examined organic fluids, the thermal efficiency of ORC is found to increase almost linearly with the increase of the outlet temperature of heat source. As it is well known, thermal efficiency is a function of heat available and net power output whose relations are given in Fig. 2 . The thermal efficiency increases continuously although the net power output decreases after T hs = 63.26
• C. This is due to the decrease in both the heat available and the net power output simultaneously at T hs >63.26
• C, which results in an increase of the thermal efficiency. Then, it can be concluded that higher thermal efficiency does not always mean more net power output. 
Mass flow rate
The influence of the outlet temperature of heat source, T hs on the mass flow rate of organic fluids, m of is also examined and the relationship between them is illustrated in Fig. 5 . With the same amount of heat input, R245fa has maximum mass flow rate in comparison with other organic fluids while n-hexane and n-pentane have minimum values. It is obviously indicated that the mass flow rate of any working fluid decreases linearly with the increase of the outlet temperature of the heat source. Meanwhile, the values of the mass flow rates of the organic fluids converge when the outlet temperature of the heat source increases as can be seen from the figure. This situation can be clarified with two reasons which are the declination of the heat available and the different decreasing rate of the latent heat of the organic fluids. 
Turbine outlet temperature
The variation of the turbine outlet temperature of the organic fluids with respect to the outlet temperature of the heat source is given in Fig. 6 . As can be seen from the figure, all working fluids have almost same characteristic behavior at ∆T pp = 7
• C. It is obviously said that lower slope of the relationship between them will result in more net power output. Figure 7 shows the variation of the cycle irreversibility with respect to the outlet temperature of heat source. It can be said that the cycle irreversibilities decrease linearly with increase of the outlet temperature of the heat source for all organic fluids. Although n-hexane has the minimum cycle irreversibility, the maximum cycle irreversibility is seen for isobutane. Thus n-hexane is verified once more that it seems to be more feasible one among other organic fluids. The maximum exergy destruction occurs in the evaporator of the ORC system due to an increase in the temperature difference of the working fluids throughout the evaporator. As expected, the exergetic efficiency of the ORC system increases with increasing amount of the outlet temperature of the heat source for all organic fluids, which is illustrated in Fig. 8 . Meanwhile, it is clear that n-hexane and R245fa have the maximum and the minimum exergetic efficiencies, respectively. This means that n-hexane is seen to be the best of all at the given operation conditions. 
Exergetic efficiency

Conclusion
A typical organic Rankine cycle within five different organic fluids is proposed and analyzed thermodynamically, which can be adapted to a municipal solid waste power plant in the frame of waste heat recovery. In this respect, systematic analyses are performed by using AS-PEN Plus and EES software programs at ∆T pp =7
• C as a result of pinch point temperature difference analysis. As a result of the systematic analyses, the following concluding remarks can be outlined:
• High amount of heat available does not always mean high amount of net power output.
• The net power output increases with the outlet temperature of the heat source up to T hs = 63.26
• C and then, it decreases dramatically after T hs = 63.26
• C for all organic fluids.
• The maximum net power output is produced from the ORC system when n-hexane is utilized as an organic fluid.
• The thermal efficiency of the ORC system is increased with an increase in the outlet temperature of the heat source.
• R245fa has maximum mass flow rate in comparison with other organic fluids while n-hexane and n-pentane have minimum values.
• The cycle irreversibility decreases linearly with the increase of the outlet temperature of the heat source for all organic fluids.
• n-hexane has the maximum exergetic efficiency while R245fa has the minimum one.
• As a result, n-hexane is found to be more feasible organic fluid among others with regard to the analyses on the net power output, the energetic and exergetic efficiencies, the cycle irreversibility and the mass flow rate in the range of the parametric study.
